Depth-Averaged Asymptotic Analysis
Under the assumptions of rapid charge relaxation, electro-neutrality, and a thin electrical 
Where is the charge density, = ( , , ) is the three-dimensional velocity vector. Eq. (S1) and (S2) are used to calculate the electric field, Eq. (S3) and (S4) are used to study the flow field, and the Eq. (S5) based on the species conservation is used for observing the dynamic changing process of concentration.
The boundary conditions at the channel wall are listed below,
To non-dimensionalize our governing equations, following scales which are similar with those in Lin et. al.
[1] are used here
Where and denote the half-width (in the y-direction) and half-depth (in the z-direction) of channel, respectively, 0 , 0 , 0 and 0 are the reference electric conductivity, concentration, viscosity and zeta potential of fluid, the characteristic electric field 0 is taken to be the applied electric field in the channel, and is the electroviscous velocity.
After the non-dimensionalization, the governing equations then be written as
Where ≡ / is a smallness parameter, = ( , ) is two-dimensional velocity vector, ≡ / and ≡ / 0 are the Peclet and Reynolds numbers, respectively, and ∇ is the two-dimensional (x, y) differential operator defined below,
Except for the electroosmotic velocity, boundary conditions keep the same form after the nondimensionalization. Considering the dissimilar boundary conditions of top and bottom wall, we have,
Here ′ is the zeta potential of top wall, ′′ is the zeta potential of bottom wall, ′ and ′′ are the electroosmotic velocity at top and bottom wall, respectively.
Under the assumption of δ ≪ 1 , the asymptotic analysis introduced in Lin et al.
[1] is performed here for our study. The depth-averaged functions are defined as
Where the subscript stands for the corresponding order variables. In this paper, we perform the depth-averaged analysis up to the second order in .
Electric field equation
Performing 0 order balance for Eq. (S10), we get
Considering 0 = 0 ( , , ) only, we obtain
Applying the insulating boundary conditions 0 = 0, at z = ±1,
Performing a 1 order on Eq. (S10) balance and performing the same steps as before, we get
Similarly for a 2 order balance:
Applying the insulating boundary conditions at the top and bottom surfaces for 2 and simplifying,
From Eq. (S24) and (S25), we obtain,
For 3 order balance of Eq. (S10):
Applying boundary conditions for 3 ,
Performing (S25) + ×(S28), we obtain the final depth-averaged equation for electric field,
Flow equation
Performing a 0 order balance for Eq. (S11) -(S13):
In this paper, we consider = ( , , ) only. From Eq. (S32), we get 
Upon depth-averaging, we get,
So,
Depth-averaging Eq. (S30) and applying the boundary condition 0 = 0 at z = ±1, we get
So we have
Integrating Eq. (S30), we get
Where 2 is constant of integration.
Applying the boundary condition 0 = 0 at z = ±1, we get
The 1 order balance for Eq. (S11) -(S13) gives Depth-averaging Eq. (S44) and applying the boundary condition, we can get,
Integrating Eq. (S27), we get
Rearranging the Eq. (S48) we obtain
Integrating Eq. (S45) and performing the depth-averaging actions, we can get 
Neglecting the higher order terms,
On rearranging, 
Similarly for 2 balance, we obtain 
• 2 ̅̅̅ = 0 (S55) By (S37) + × (S53) + 2 × (S54) we obtain,
Combining Eq. (S41), (S47) and (S54), we have
Concentration equation
At the 0 -order, we have
Applying the boundary condition 0 = 0 at z = ±1
At the 1 -order, we have
Depth-averaging and applying the boundary condition, 
At the 2 -order, we have 
Depth-averaging and applying the boundary condition, we get 
